A postal questionnaire was sent to 10 000 patients more than one year after their total knee replacement (TKR). They were assessed using the Oxford knee score and were asked whether they were satisfied, unsure or unsatisfied with their TKR. The response rate was 87.4% (8231 of 9417 eligible questionnaires) and a total of 81.8% (6625 of 8095) of patients were satisfied. Multivariable regression modelling showed that patients with higher scores relating to the pain and function elements of the Oxford knee score had a lower level of satisfaction (p < 0.001), and that ongoing pain was a stronger predictor of this. Female gender and a primary diagnosis of osteoarthritis were found to be predictors of lower levels of patient satisfaction. Differences in the rate of satisfaction were also observed in relation to age, the American Society of Anesthesiologists grade and the type of prosthesis.
Traditionally, the evaluation of total hip (THR) or total knee replacements (TKR) has focused on the surgical and technical aspects of the procedure, assessed by the surgeon or derived from radiological studies, with complications such as failure of the prosthesis and alignment of the implant being used as end-points to assess outcome.
More recently, it has been shown that the views of surgeons and their patients on the outcome of medical and surgical interventions do not always agree, especially with respect to the assessment of function and pain. 1, 2 Likewise the concerns and priorities of patients and surgeons relating to joint replacement differ. 3 For these reasons there is a growing recognition that evaluation should use patient-reported outcome tools and assessments of satisfaction. These ensure that the patient's perception of outcome is included in the evaluation of THR and TKR. 4 Previous reports have described levels of satisfaction after primary TKR ranging between 81% and 89%. [5] [6] [7] [8] While these have highlighted some factors which have an influence on satisfaction, our current understanding of why some patients are satisfied and others are not remains limited.
The National Joint Registry for England and Wales 9 found that 82% of patients were satisfied at just over one year after primary TKR.
Using the same data, we investigated why almost 20% of patients were not satisfied. Using the Oxford knee score 10 and details held on the joint registry database, we aimed to investigate the relationship between these factors and patient satisfaction. In particular, we explored the relative influence of ongoing pain and functional limitation on satisfaction.
We hypothesised that pain would be a stronger determinant of satisfaction than function, for a number of reasons. First, pain is usually the primary indication for joint replacement. Secondly, patients have been shown to have higher expectations of relief from pain when compared with improvements in functional ability after TKR. [11] [12] [13] Thirdly, it is relatively easy for patients to modify their level of activity, change their behaviour and adapt their environment so that functional deficiencies are overcome. By contrast, pain is less amenable to changes in lifestyle and behaviour and often remains a cause of considerable distress.
Patients and Methods
Since April 2003 the National Joint Registry has been collecting information on THRs and TKRs performed in England and Wales. By the end of July 2005 the mean weekly submission of completed records had reached 2400 operations, with 99% of all hospitals on the joint registry database submitting data. 9 The proportion of all relevant joint replacements performed in England and Wales which was included in the joint registry database was approximately 60%, and this proportion was similar for hospitals in the NHS and in the independent sector.
The National Joint Registry collects information about a large number of patient and surgical characteristics. For the purpose of this paper, we considered age in years, gender, hospital type (NHS, independent), type of prosthesis (cemented, uncemented, hybrid, unicondylar, patellofemoral), American Society of Anesthesiologists (ASA) grade 14 (1, fit and healthy; 2, mild disease; 3, incapacitating disease; and 4, life-threatening disease), operative side, grade of lead surgeon (consultant, associate specialist/staff grade/clinical assistant, SPR/SHO), indication for operation (osteoarthritis (OA), other diagnoses), type of incision (lateral, medial, midline), use of tourniquet and removal of the fat pad (fully, partially, not removed).
In March 2005 , the National Joint Registry sent a postal survey to 10 000 patients operated on between April and December 2003. These were randomly selected from all patients who had undergone a primary unilateral TKR, whose contact details had been recorded and who were alive in March 2005 according to the NHS strategic tracing service. The questionnaires contained the Oxford knee score, questions asking whether patients had experienced problems in addition to those addressed in the Oxford knee score, and a question relating to satisfaction with the outcome of their surgery.
The Oxford knee score is a patient-administered questionnaire which explores a subjective assessment of their pain and functional capacity. It is administered as a 12-part questionnaire, with five questions relating to the measurement of pain, and seven to the assessment of function. The answer to each question is rated on a scale ranging between 1 and 5, with higher scores indicating more severe problems. The scores for each question are added to generate an overall score of between 12 and 60. 10 The Oxford knee score was chosen because it is a reliable, valid and responsive outcome measurement. 15 It is simple, easy to administer and suitable for following up patients in the long term. It has been recommended as an appropriate disease-specific tool for assessing outcomes after TKR 16 and is also preferred to the Western Ontario McMasters Osteoarthritis index (WOMAC) 17 for large databases on knee replacement in a cross-sectional population. 18 For the purpose of our analysis we considered the questions in the Oxford knee score which related to pain and those which related to function separately (Table I) . Scores for the five questions on pain were added together as were those for the seven on function. In order to allow a meaningful comparison between the total scores for pain and function, the scores were standardised and expressed as scores ranging between 0 and 1. The standardised scores were calculated as the difference between the actual score and the lowest possible score divided by the difference between the highest and lowest possible scores. For example, a total pain score of 18 corresponded to a standardised total pain score of 65% as follows:
standardised total pain score = 18-5 = 0.65 The assessment of satisfaction with the TKR was performed by asking patients the question 'Are you satisfied with your knee replacement'? with 'Yes', 'No' and 'Not sure' as possible answers. Statistical analysis. Multivariable logistic regression was performed in an attempt to investigate which factors influenced whether patients were satisfied or not. For the purpose of this analysis, patients were divided into groups who had answered 'Yes', 'No' and 'Not sure', respectively to the satisfaction question. The regression coefficients were transformed into odds ratios, which can be considered as means of relative risks. An odds ratio of less than 1 indicates that patients in a given category were How long can you walk before pain becomes severe? (P) 5
After a meal how painful has it been to stand up from a chair? (P) 6 Have you been limping when walking? (F) 7
Could you kneel down and get up again? (F) 8 Have you been troubled by pain in bed at night? (P) 9
How much has pain from your knee interfered with your normal work? (P) 10 Have you felt your knee might suddenly give way or let you down? (F) 11
Could you do the shopping on your own? (F) 12
Could you walk down a flight of stairs? (F) * P, pain question † function question 
Results
Of the 10 000 questionnaires sent out, 9935 were linked to data in the National Joint Registry database. Of these, we excluded 412 because they had been sent to patients who had undergone a revision procedure, 80 because they had been sent to patients who had bilateral procedure, and 26 because they had been sent to patients who had already received a questionnaire for an earlier operation or another joint. As a result, we considered 9417 questionnaires which had been sent to patients who had undergone a primary unilateral TKR. Of these, 8231 (87.4%) were returned and 1186 (12.6%) were not. A comparison of the characteristics of the patients according to whether they received a questionnaire and whether they returned it is shown in Table II . For each of the three groups (questionnaire sent and returned, questionnaire sent but not returned, no questionnaire sent) there were only small differences in the clinical, surgical and demographic data. The patients who were sent a questionnaire were more often treated in the NHS.
The mean Oxford knee score could be calculated for 7230 of the 8231 patients (87.8%) who returned questionnaires. The questionnaires of 1001 patients (12.2%) had a missing answer to at least one of the questions. The mean Oxford Knee score was 25.0 (12 to 60; Fig. 1 The questions on satisfaction with the TKR were completed by 8095 patients (98.3%). Overall, 81.8% (6625 of 8095) were satisfied, 11.2% (904 of 8095) were unsure and 7.0% (566 of 8095) were not satisfied. The distribution of the Oxford knee score varied according to patient satisfaction. The mean Oxford knee score was 22.0 (12 to 59) in satisfied patients, 35.2 (15 to 60) in those who were unsure and 41.7 (13 to 59) in the unsatisfied patients (multivariate regression modelling, p < 0.001).
Significant differences were also seen in the pain and function scores (Table III) . The mean standardised pain score was 0.19 (0 to 1) in those who were satisfied and 0.63 (0 to 1) in those who were unsatisfied (multivariate regression modelling, p < 0.001) and 0.48 (0 to 1) in those who were unsure (multivariate regression modelling, p < 0.001). The mean standardised function score was 0.22 (0 to 1) in those who were satisfied, 0.61 (0 to 1) in those who were unsatisfied, and 0.49 (0 to 1) in those who were unsure (multivariate regression modelling, p < 0.001). The pain and function scores were strongly correlated (Pearson's correlation coefficient (r) = 0.83).
We performed logistic regression modelling to establish the influence that pain and function, as well as relevant patient Distribution of Oxford knee scores in the 7230 patients for whom it could be calculated. and surgical characteristics, had on satisfaction. Table IV shows the univariable and multivariable results. The univariable analyses demonstrated that a patient with the highest possible total pain score (1 on the standardised scale or 25 points on the Oxford knee score scale) was 0.68 times as likely to be satisfied when compared with the lowest possible pain score (0 on the standardised scale or 5 points on the Oxford knee score). Similarly, a patient who had the highest possible total function score was 0.76 times as likely to be satisfied when compared to a patient with the lowest possible function score. When the effect of the total pain and function scores on patient satisfaction were considered simultaneously, we found that both odds ratios increased, compared with the univariable results. These adjusted results described the effect of one factor if the other remained constant. The increase was larger for function (0.76 to 0.90) than for pain (0.68 to 0.75). When we also included other patient characteristics, the odds ratio for pain changed to 0.77 and that for impaired function to 0.88. Thus the effect of variations in pain on satisfaction were about twice as large as that of variations in function.
In addition to the influence of pain and function, we found that men were more often satisfied with their TKR than women (multivariate regression modelling, p < 0.05), and that patients with a diagnosis other than OA were more often satisfied than those with OA (multivariate regression modelling, p = 0.02) (Table IV) . We also found some evidence to show that patients who had undergone unicondylar replacement were less likely to be satisfied than those who had cemented TKR (multivariate regression modelling, p = 0.002). Patients aged between 70 and 80 years were more likely to be satisfied compared with those aged less than 65 years (multivariate regression modelling, p < 0.05) as were patients who were ASA grade 3 when compared with those who were ASA 1 (multivariate regression modelling, p = 0.002). The grade of the lead surgeon (not authors), the site of the incision, the use of a tourniquet, and removal of the fat pad did not significantly influence satisfaction.
At the time of questioning, 609 patients (7.4%) had undergone another procedure on the operated knee since their original surgery. In addition, 1476 patients (17.9%) indicated that another procedure was planned and 2206 (26.8%) had experienced other problems with the operated knee. The Oxford knee score and satisfaction rates related to the presence of complications are highlighted in Table V . Both were significantly better in patients who had not suffered complications (p < 0.001).
Discussion
Our study had a high response rate of 87.4%, indicating that patients who have undergone TKR are willing to participate in studies which investigate their experience. Of the 8095 patients questioned only 81.8% stated that they were satisfied with the outcome after their TKR, while 18.2% were not satisfied (unsatisfied or unsure). It is clearly disquieting that only 81.8% of patients were satisfied, and further investigation needs to be undertaken to establish whether this low level of satisfaction is related to poor surgical technique or a consequence of poor and inappropriate patient selection. It also raises questions as to the appropriate use of already scarce resources.
We found that at more than one year after TKR, patients had a mean Oxford knee score of 25.0. The score also varied significantly depending upon whether patients were satisfied or not. Patients who experienced more pain and functional impairment after TKR were less likely to be satisfied with the procedure. We found that a patient with the worst possible pain score was 23% less likely to be satisfied than one with the best possible score, while adjusting for a large number of other determinants of satisfaction. The corresponding figure for a similar variation in the functional impairment score was 12%. These results are in agreement with our original hypothesis that pain is a stronger determinant than function.
Levels of satisfaction depend on the expectations held by patients. As with many other areas of health-care provision most patients have high expectations of the outcome after joint replacement. 12, 13, 19, 20 Even more noteworthy in this context is that patients often have higher expectations of relief from pain when compared with improvements in function. 11, 13 As a result the stronger impact of pain on levels of satisfaction than that of functional impairment may occur as a result of differences in patient expectation.
While pain was a stronger determinant of satisfaction, both factors were found to influence satisfaction significantly. This highlights the fact that priorities differ between individual patients. While one patient may accept residual pain, another might not, but instead they might tolerate a degree of functional limitation. This emphasises the importance of spending time and care pre-operatively addressing the expectations of each individual patient.
Using these data we were also able to demonstrate an association between satisfaction and the gender and underlying diagnosis of the patient. There was also some This may have led to a selective inclusion of patients from centres with better facilities to support audit and clinical governance and potentially better quality of care. However, it is unlikely that this selective inclusion influenced the relationship between outcomes such as pain, functional impairment and satisfaction, since there was no obvious mechanism which could explain this influence.
A second limitation was that the National Joint Registry did not collect information on pain and function immediately before surgery. This is important since there is considerable evidence to show that a patient's pre-operative baseline level of pain and function is the single best predictor of pain and function after joint replacement. 22 It was therefore impossible for us to investigate to what extent the observed effects of pain and function on satisfaction, at least one year after surgery, were linked to a patient's preoperative condition. Again, this is important since it is likely that satisfaction depends not so much on the post-operative level of pain and function, but on the changes in pain and functional impairment experienced by the patient after surgery.
There is also debate as to how satisfaction can be measured and to what extent it can be used as a method of assessing quality of care. 23 Most patient surveys find a high level of satisfaction, which may cast some doubt on the validity of this as a measurement of the degree to which patients were satisfied with the care they had received. 24 For example, it is known that closed questions which ask directly about levels of satisfaction produce answers that are more likely to be positive than open-ended questions. 25 However, there is strong convergence between the results of the Oxford knee score and the level of satisfaction. Patients who indicated that they were satisfied with their TKR had scores which were considerably lower than those of patients who were unsure or unsatisfied.
Many experts in psychometrics may consider that our approach to the assessment of pain and function, carried out by breaking down the Oxford knee score into two components, as methodological heresy. One of their most important arguments is that the questionnaire has been developed with the objective that the included questions measure a single underlying concept. It is therefore no surprise that we found the total pain and function scores to be highly correlated. It is important to remain cautious when interpreting the regression coefficients (i.e. the odds ratio) of two highly correlated determinants. 26 However, we feel that our approach is justified for an initial analysis since the breakdown into questions on pain and those on function is immediately obvious and has therefore strong face validity. Moreover, the precision of the regression coefficients for pain and impaired function was high despite this correlation because of the large number of patients included in the study.
A number of authors have previously reported satisfaction after TKR. The Swedish Arthroplasty Registry 7 found that 81% of the 25 000 patients who had had TKR were satisfied with the outcome of their surgery, 8% were not satisfied and 11% undecided. Other smaller studies have found similar results. 5, 6, 8 Despite the abundance of studies examining the effect of operative-and prosthesis-related factors on the outcome of joint replacement, only a relatively small number have used satisfaction and patient-based scores as outcome measures. Consequently, little is known about the determinants of outcome after joint replacement other than the rate of revision and radiological failure.
A study by Anderson et al, 5 which examined satisfaction in 74 patients with TKR over the age of 75 years, reported an association between decreased function and increased pain scores measured post-operatively using the WOMAC and SF-36 scores, and patient dissatisfaction. They also found satisfaction to be correlated with better pain scores on the WOMAC and SF-36. 5 This study was, however, performed using a small number of patients from a more elderly sedentary population. In their analysis there was no association between satisfaction and age, gender, diagnosis or the presence of comorbidities.
Overall, there is little reported evidence relating to the impact of patient and surgical factors on patient-reported outcomes and even less about their influence on satisfaction. This has implications for decision-making when considering patients for joint replacement.
Our study has shown the feasibility of measuring patientreported outcomes and satisfaction on a national scale. Given that the alleviation of pain and improvement of function are the primary indications for joint replacement, the monitoring of such outcomes should be an integral part of any system of evaluation of the quality of joint replacement.
Our data represent a true reflection of the expected Oxford knee score and rate of satisfaction at one year after TKR. These results could be used as a national benchmark against which the results of individual providers can be compared.
Our study has shown an association between a number of clinical and surgical characteristics and patient satisfaction. This must be taken into account when analysing outcomes between centres since the case-mix from different institutions will vary, and it is especially important when looking at differences between NHS and private hospitals.
Also, surgeons could use information on the level of patient satisfaction when counselling patients about the prognosis of TKR. This would allow patients to be fully involved in the decision as to whether to have surgery as well as to give properly informed consent. Moreover, this information will help patients to formulate more realistic expectations about the outcome of the surgery which in itself may improve overall levels of satisfaction.
Lastly, our findings should guide research and development. New surgical techniques and innovative designs of prostheses may contribute to further reduction in pain after TKR which could have a major impact on patient satisfaction.
